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ABSTRACT

BACKGROUND

The cancer stem cell (CSC) hypothesis of tumor genesis suggests that unlike most cancer cells within tumor CSC resist
chemotherapy and can regenerate various cell types in tumor thereby causing relapse. Hence drugs that selectively target CSC
may offer great promise for cancer therapy especially when combined with chemotherapy. Current treatment options for
colorectal cancer (CRC) and other gastrointestinal (GI) tumors rely on combination of surgical resection, cytotoxic and targeted
drugs. Recent findings showed that metformin, an ant diabetic drug was associated with a significantly lower risk of CRC (0.63
[0.47 - 0.84]; P =0.002) in patients with type 2 diabetes. We therefore hypothesize that administration of metformin will reduce
CSC.

METHODS

Patients with CRC and other Gl cancers undergoing resection were enrolled. Metformin was administered at 500 mg orally
twice daily for up to 14 days and terminated 24 hours, prior to planned surgery. Both tumor and normal tissue was procured.
Adverse events (AEs) were graded according to NCI CTCAE Version 3.0. Primary objective was to establish the safety of
administering metformin prior to resection. Secondary objective was to evaluate the effects of metformin on the expression of
CSC markers by measuring relative mRNA levels of CD133, OCT4 and NANOG by RT-PCR and immunohistochemistry.

RESULTS

A total of 10 patients (4 Male; 6 Female) received metformin. Grade 3 AEs included anemia, hypoalbuminemia, alanine
aminotransferase elevation, abdominal pain and nausea but none of these were related to metformin. No hypoglycemia and
lactic acidosis were observed. No unexpected post-operative complications were witnessed. Comparison of markers of CCSC

results showed that expression of CD133, OCT4 and NANOG expression were decreased following metformin.

CONCLUSIONS
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Our pilot study showed feasibility of metformin before surgery in Gl cancers and indicated impact on CSC. This preliminary

data warrants further investigation in a larger randomized placebo-control study to assess these markers and their correlation

with survival.
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INTRODUCTION

Colorectal cancer (CRC) continues to cause major

mortality and morbidity burdens on our society.
Significant progress has been made for patients with
metastatic disease and localized disease by improving
surgical and chemotherapeutic approaches over the past
decade [1,2]. Patients with localized disease undergo
potentially curative resection, yet despite no visible disease
at the time of resection, many of these patients still have
recurrent disease at some point in the future [3,4]. The
implementation of adjuvant and/or neoadjuvant
chemotherapy has clearly reduced the incidence of
recurrence in such patients [3-5]. This suggests that such
chemotherapy is likely to achieve elimination of tumor

cells in a subset of patients.

One theory that attempts to explain the ability of cancer to
evade therapeutic intervention describes cancer stem cells
[6]. Cancer stem cells (CSCs) populate the minority of any
given tumor mass; however it is from these cells that the
tumor is able to regenerate. CSCs tend to be slowly
replicating and lack certain surface antigens, and thus can
be more resistant to many chemotherapeutic insults
compared to the more abundant, mature, rapidly dividing
cells in the bulk of the tumor [7,8]. Thus, while initial
chemotherapy may be able to reduce tumor volume, the
tumor mass can be repopulated by these CSCs. Efforts
toward the goal of elimination should be directed toward

enhancing elimination of CSCs.

Agents that modulate AMPK have been reported to
enhance CSC skilling and delay/prevent tumor xenografts
re-growth when combined with a chemotherapeutic agent
[9]. Metformin, which is known to act through AMPK, has
been shown to have ant proliferative activity against
colorectal cancer cell lines, and this effect is most
prominent in the p53-/- setting [9-11]. From a cancer
prevention perspective, metformin suppresses polyp
growth in Apc Min/+ Mice, and population studies have
shown diabetics taking metformin have lower incidence of
cancer [12-14].

An important link between AMPK/glucose metabolism
and colorectal cancer is the observation that Peutz-Jeghers
syndrome involves a mutation in the LKB1 tumor
suppressor gene, and the finding that LKB1 acts through
AMPK for signaling [15-17]. Peutz-Jeghers syndrome is a
hereditary polyposis syndrome associated with a high risk
for gastrointestinal cancers. We therefore hypothesize that
administration of metformin will reduce CCSC in human
CRC. The implication of this could be enhanced
elimination of CCSC and ultimately increased portion of
patients who remain disease-free following chemotherapy

treatment in the adjuvant or neoadjuvant setting.

It is important to discuss here that the approaches to
eliminate CSCs is challenging for several reasons. Since
the cells often represent only a small fraction of the tumor
volume, many bioassays may overlook the CSC population
amidst more prominent signals within a tumor. Recently
the ability to better define and identify CSCs has



www.tridhascholars.org | September-2021

developed. Functionally, a CSC must be able to self-renew

and be able to recapitulate a tumor [18-20].

A number of cell-surface markers have been discovered
that are associated with normal stem cells, some of which
appear also to be associated with CSCs. CD133 is a cell-
surface marker that identifies circulating endothelial
progenitors [21]. It turns out that CD133 is associated with
a number of tumors, including CRC, and predicts for poor
outcome [22,23]. Demonstration that a CD133+ population
enriches for CCSC has also been described [24,25]. Hence,
CD133+ staining can be used as major determinant of

effect of any agent such as metformin on CSC.

Other pharmacodynamic markers associated with CCSC
include OCT4 and NANOG. Both OCT4 and NANOG are
transcription factors that play significant roles in
maintaining pluripotency and self-renewal of embryonic
stem cells as well as in adult stem cells [26,27]. OCT4 is a
nuclear protein belonging to a family of transcription
factors containing the POU DNA-binding domain [28].
NANOG is a homeobox transcription factor that contains
DNA-binding domains involved in the regulation of key

eukaryotic developmental processes [29].

We therefore hypothesize that administration of metformin
will reduce CSC and performed a pilot study in patients

with CRC and other GI cancers undergoing resection.

PATIENTS AND METHODS

The study was approved by Institutional review board at

the Tufts Medical Center, Boston, MA and was conducted
in compliance with the International Council for
Harmonization Good Clinical Practice guidelines and with
the general ethical principles of the Declaration of
Helsinki. Written informed consent was obtained from all
patients before study entry. This study was registered
on ClinicalTrials.gov under NCT01440127 and enrolled
patients from 2010 through 2013.

Metformin was administered at 500mg orally twice daily
for up to 14 days and terminated 24 hours. prior to planned
surgery. Both tumor and normal tissue was procured.
Adverse events (AEs) were collected and graded according
to NCI CTCAE Version 3.0 [30]. Primary objective was to
establish the safety of administering metformin prior to
resection. Secondary objective was to evaluate the effects
of metformin on the expression of CSC markers by
measuring relative mRNA levels of CD133, OCT4
and NANOG by RT-PCR and immunohistochemistry.

Patient selection

Patients were enrolled if they met the following criteria:
histologically documented colorectal, appendiceal cancer
or peritoneal carcinomatosis from gastrointestinal source,
who were intended to undergo disease resection or biopsy
at least 14 days from the treatment start date (allowing for
a minimum of 12 days of treatment plus 24 hours break),
medically fit for resection of their primary tumor or for
biopsy, age 18 years - 79 years, adequate renal function
(serum creatinine levels <1.5 mg/dL [males], <1.4 mg/dL
[females] or estimated creatinine clearance >60 ml/min),
adequate hepatic parameters, including aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) levels <2.5 x Upper limit of normal (ULN), total
bilirubin <1.5 x ULN, and alkaline phosphatase levels <2.5
X ULN, and ability to understand and willingness to sign a

written informed consent document.

Patients with the following situations were excluded: intent
to administer neoadjuvant chemotherapy or radiation
therapy during study treatment period prior to the surgery
or biopsy, intent to perform surgery or biopsy within 14
days of study treatment start; any situation where
participation in this trial would alter, or cause significant
risk of altering the ability or timing of a subject to undergo
resection of their tumor, current use of metformin (within
the past month), blood glucose using point of care test <70

mg/dl, renal disease or renal dysfunction not meeting
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inclusion criteria, significant medical conditions such as
cardiovascular collapse (shock), acute myocardial
infarction, septicemia, acute or chronic metabolic acidosis,
history of, or states associated with, lactic acidosis such as
shock or pulmonary insufficiency, alcoholism (acute or
chronic), conditions associated with hypoxemia and
pancreatitis, severe dehydration, clinical or laboratory
evidence of hepatic disease, congestive heart failure
requiring pharmacologic treatment, or unstable or acute
congestive heart failure, known hypersensitivity to
metformin hydrochloride, pregnant or lactating women
(pregnancy test must be negative), and psychiatric illness
or social situation that would limit compliance with study

requirements and/or obscure results.

Study Design

Adult patients with CRC for whom biopsy, or resection of
disease was planned, but who did not require neoadjuvant
chemo or radiotherapy were enrolled onto this study. This
trial will be divided into two stages (Figure 1). The
first/pilot stage assessed safety of administering metformin
to subject prior to surgery. We plan to perform the second
stage as a randomized study treating subjects with or

without metformin prior to tissue removal (primary tumor).

Colorectal cancer pafients
undergoing resection or
biopsy of their tumor

Biopsy PD markers

Figure 1: Study schema.

The main objective of this trial was to assess safety of
metformin treatment prior to tumor resection or biopsy and
to collect CRC or other GI cancers specimens at the time
of removal for the purpose of optimizing a reliable
platform  for  evaluating CCSC and related
pharmacodynamic markers. Secondary aims included the
measure CCSC and CCSC pharmacodynamic markers in

subject tumors.

The pilot study panned to enroll up to 5 patients - 10
patients who received treatment with metformin with the
goal of establishing safety of this treatment in a population
of patients planning to undergo tumor resection or biopsy.
The brief duration of treatment with metformin and break
is short enough not to interfere with standard of care for
this population; however, subjects who are intended to
have their surgery or biopsy in less 14 days of treatment

start will be excluded.

Importantly, based on prior work in a different system, an
exposure to metformin of 2 or more days is likely to be
sufficient to induce an effect on CSC [31]. This timeframe
was evaluated in Stage 1 of this protocol. Metformin was
discontinued 2 days prior to the surgical resection as
recommended in the product label. This time period is
likely sufficiently short as to not cause significant reversal
of any effect on CCSC.

The metformin dose for this study of 500 mg twice daily
has been safely administered to non-diabetic patients in
other settings. We also performed the largest study in
cancer patients and confirmed safety of administrating
metformin at this dose in combination with various
chemotherapeutic regimens [32]. This dose is also
expected to yield exposures in the 1-2 ug/ml range at
steady-state based on information in the product label [33].
Itis not currently known whether this exposure is sufficient
to affect CCSC; however this question was addressed in

this study.

The resection and timing of the resection of the subject’s
tumor was not being altered from the planned standard of
care when a subject participated on this study. If a subject’s
planned surgery was less than 14 days from the time of
treatment start, then the subject was not be enrolled, and

the surgery was not be delayed on account of this protocol.
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Assessment of Safety

The safety of administering metformin prior to surgery or
biopsy, ending 24 hours prior to the procedure was
assessed. Adverse events (AEs) were graded according to
NCI CTCAE Version 3.0 [30]. Metformin was
discontinued if the patient experienced any grade >3 AE
that was considered related to metformin, or any AE that
could compromise patient's ability to proceed with surgical
intervention. A descriptive analysis of safety parameters
covering the period prior to surgery, the surgery itself, and
the recovery from surgery was prepared. An institutional
Data and Safety Monitoring Board (DSMB) was utilized,
and was responsible for periodic safety review. The

committee reviewed safety at least quarterly.

Tumor procurement and Procedures for CCSC

Resection and initial surgical pathologic evaluation of the
tumor occurred using standard procedures. Once the
pathologist was satisfied that adequate tissue and
evaluation for surgical staging have been obtained, a
portion of the primary tumor was processed for evaluation
of CCSC and related PD markers. A sample at least 5 mm?®
was desired. Microdissection technique was performed to
collect only cancer cells, excluding stromal cells as much
as possible. Then micro dissected samples were digested
with proteinase K in lysis buffer containing Tris-HCI,
EDTA and sodium dodecyl sulfate as previously reported
with minor modifications [34-38]. RNA was purified by
phenol and chloroform extraction. cDNA was synthesized
with random hexamer primers and Superscript 111 reverse
transcriptase (Invitrogen, Carlsbad, CA, USA) according

to the manufacturer's instructions.

Then real-time quantitative RT-PCR analysis was
performed using an Applied Biosystems 7500 real-time
PCR system according to the manufacturer's instructions
(Applied Biosystems, Inc., Foster City, CA, USA). Primers
and probes for PROM (CD133), POU5F1 (OCT4), and
NANOG designed with primer3 software (Biology

Workbench Version 3.2, San Diego Supercomputer
Center, University of California, San Diego, CA, USA).
Primer sequences were as follows: PROM-specific: sense,
GCT TTGCA ATCTCCCTGTTG and antisense,
TTGATCCGG GTTCTTACCTG; POUS5F1-specific:
sense, CTGGAGAAGG AGA AGCTGGA and antisense,
CA A ATTGCTCGAGTTCT TTCTG; NANOG-specific:
sense, GAGATGCCTCACACG GAGAC and antisense,
CTTTGGGACTGGTGGA AGA A. PCR was performed
in a final volume of 25 pl with a SYBR-Green PCR master
mix using 1 pl cDNA and 400 nM of each primer for the
respective genes. Cycling conditions were 50°C for 2 min
and 95°C for 10 min followed by 40 cycles at 95°C for 15
sec and 60°C for 1 minute. Relative mRNA levels were
determined by the standard curve method as previously
described. Real-time PCR assays were performed in
duplicate for each sample and the mean values were used
for calculations of the mRNA levels.

Statistical Analysis

The pilot study panned to enroll up to 5 patients - 10
patients who received metformin before undergoing tumor
resection or biopsy with the aim to of establish safety in
this setting. For each study subject, we collected
demographic data, medical history data, and information
on the course of their cancer and effect on CSC.

All statistical analyses were performed using JMP version
5 (SAS Institute Inc. Cary, NC, USA). Relative mRNA
levels of each gene were expressed as median values (inter-
quartile range). Box and whisker plots were used to
summarize the distribution of mMRNA levels, in which the
horizontal line in the box represents the 50" quartile
(median), and the upper and lower lines of the box
represent 75" quartiles and 25" quartiles, respectively. The
whiskers indicate the range of the measurements. P <0.05

was considered to be statistically significant.
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RESULTS

Demographics

A total of 10 patients were consented (4 males; 6 females)
and received metformin as summarized in Table 1. The
most common site was appendix followed by rectum. Nine
patients completed the full course of metformin while one
first ended up in urgent surgery and took it only for 6 days.
Median duration of metformin treatment was 12 days
(Range: 6-12).

Patient # | Age | Gender Diagnosis Stage
1 63 F Signet ring adenocarcinoma of appendix | III
2 53 F Mucinous adenocarcinoma of appendix | IVA
3 39 F Adenocarcinoma of appendix I
4 51 F Mucinous adenocarcinoma of appendix I
5 58 F Rectal adenocarcinoma v
6 75 M Rectal adenocarcinoma IA
7 74 M Rectal adenocarcinoma 1B
8 61 M Rectal adenocarcinoma m
9 61 M Mucinous adenocarcinoma of appendix v
10 41 F Pseudomyxoma peritonei UK

Table 1: Summary of demographic characteristics of patients
enrolled in the study.

Safety

Overall, metformin was tolerated well. Grade >3 AEs
included anemia (1; related to underlying cancer),
hypoalbuminemia (1; unrelated to metformin), alanine
aminotransferase elevation (1: possibly related to liver
metastasis), abdominal pain (1; probable but possibly
related to underlying cancer) and nausea (1; thought to be
not related to metformin). Neither hypoglycemia nor lactic
acidosis was observed. No unexpected post-operative

complications were witnessed.

CCSC markers

Relative mRNA levels of CD133 (PROM), OCT4
(POU5F1) and NANOG were measured using real-time
reverse transcription polymerase chain reaction (RT-PCR)
and immunohistochemistry. Comparison of post-
metformin levels of CCSTs markers to pre-metformin
showed that expression of CD133, OCT4 and NANOG
were all decreased following metformin (Figure 2 - Figure
4).

m Before metformin

B After metformin

B Before metformin

B After metformin

H Before metformin

m After metformin

O B N W B U O N
1

Figure 2: Effect of metformin on the relative mRNA levels of
CD133 (PROM): Fold decrease.

DISCUSSION

To the best of our knowledge, no report has investigated
the expression of the three stem cell markers considered in
this study in the context of CRC and Gl malignancies
following metformin. Our pilot study showed feasibility of
metformin before surgery and indicated impact on CRC
stem cells by reducing the expression of CD133, OCT4 and
NANOG [21-28]. This preliminary data warrants further
investigation in a larger, randomized placebo control study,
which should include assessing these markers and
correlating them with survival end points. We intend to
perform a randomized study treating subjects with or

without metformin prior to tissue removal (primary tumor).
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Assessment of CCSC and related pharmacodynamic
markers will also be performed.

2 -
B Before metformin
B After metformin 15 -
1 -
0.5
0
u Before metformin 77
6 —
B After metformin 5
a
3 -
2 —
1 -
0
m Before metformin 6 7
5 -
B After metformin
4 -
3 —
2 —
1 -
o]

Figure 3: Effect of metformin on the relative mRNA levels of
OCT4 (POU5F1).

Implementation of neoadjuvant therapy, including a
therapy targeting CRC and GI cancers stem cells in a
patient undergoing curative intervention holds promise for
enhancing elimination of the tumor [31]. A highly relevant
setting for study of the impact of such therapy on CCSC is
in the actual tumor itself [41-43]. The standard of care for
patients with stages I-111 CRC is initial resection of their
tumor, followed in more advanced cases by adjuvant
chemotherapy.

B Before metformin

B After metformin

B Before metformin

B After metformin

B Before metformin

B After metformin

Figure 4: Effect of metformin on the relative mRNA levels of
NANOG.

Since neoadjuvant therapy is typically not given to this
population and since there is typically a window of several
weeks from the time that the decision to do surgery is made
and the actual surgery, there is an opportunity to evaluate
the impact of short exposures of novel agents on the tumor.
A similar opportunity exists to study metastatic disease
considering that a portion of patients with oligo-metastasis
are candidates for resection of their metastatic disease or
alternatively, patients with metastatic CRC and other Gl

malignancies require biopsy of their disease.
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It is known fact now that CSC are capable of self-renewal
and pluripotency [6,7,12,28,44] . In addition to their
contribution to normal tissue development, regeneration
and disease, they also seem to play a role in resistance to
chemotherapy possibly by the fact that the tumor mass can
be repopulated by these CSCs. Therefore, efforts have been
advanced to eliminate CSCs. Researchers have been
working hard to develop techniques of isolation techniques
for cell surface markers for CSCs as well as functional
assays. CD133 is probably one of the most recognized cell
surface markers of CCSCs. CD133 immunoreactivity has
been found to be a prognostic marker for sporadic.
Similarly, CSC markers, including OCT4 and NANOG
have also been found to be expressed in many cancers,
including CRC. OCT4, the gene encoding the POU
domain, class 5, transcription factor 1 also called POU5F1
plays a role both in embryonic stem cells (ES) by
maintaining the pluripotency and self-renewal of ES cells
as well as CSC regulating the proliferation and
differentiation, especially epithelial-mesenchymal
transition (EMT) [9,22,28]. Some investigators also assess
OCT4 in CRC for risk of liver metastases. Our study
further supported the role of these CSC markers and above

all the impact of metformin on them.

In short, the implementation of adjuvant and/or
neoadjuvant chemotherapy for CRC and other GI cancers
has clearly given the evidence in reducing the recurrence
as well as improved survival the incidence of recurrence.
This suggests that such chemotherapy is likely to achieve
elimination of tumor cells in a subset of patients. The
purpose of this protocol is to explore approaches to
enhance this elimination by focusing on the subset of
CCSC. While cytotoxic chemotherapy is known to reduce
tumor volume, the tumor mass can be repopulated by
CCSC. Efforts toward the goal of elimination should be

directed toward enhancing elimination of CSCs.

Our pilot study showed that metformin can be administered
safely assesses safety prior to tumor resection or biopsy of
primary CRC. In addition, we demonstrated that
administration of metformin pre-operatively to CRC
patients resulted in decreasing the markers of CCSC;
including CD133, OCT4 and NANOG evidencing the
hypothesis that sufficient to induce an effect on cancer
stem cells. The first part | of study was feasibility and
hence limited by the relatively small number of patients (n
= 10), but we plan to enroll patients to the second part of

the study to further confirm our results.
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